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wo 03/102681 PCT/KR02/01372 



MULTI-DOMAD^ LIQUID CRYSTAL DISPLAY AND A THIN FILM 
TRANSISTOR SUBSTRATE OF THE SAME 

B AaCGROUND OF THE INVENTIONr 

(a) Field of the Invention 

5 The present invention relates to a liqxiid crystal display, and in particular, 

vertically-aligned liquid crystal display having a pixel region including a 
plurality of domains for wide viewing angle. 

(b) Description of the Related Art 

A typical liquid crystal display (LCD) includes an upper panel provided 

10 with a common electrode and an array of color filters, a lower panel provided 
with a plurality of fhin film transistors (TFTs) and a plurality of pixel electrodes, 
and a liquid crystal layer is interposed therebetween. The pixel electrodes and 
the common electrode are applied with electric voltages and the voltage 
difference therebetween causes electric field. The variation of the electric field 

1 5 changes the orientations of liqxdd crystal molecules in the liquid crystal layer and 
thus the transmittance of lig^t passing through the liquid crystal layer. As a 
result, the LCD displays desired images by adjusting the voltage difference 
between the pixel electrodes and the common electrode. 

The LCD has a major disadvantage of its narrow viewing angle, and 

20 several techniques for increasing the viewing angle have been developed. 
Among these techniques, the provision of a plurality of cutouts or a plurality of 
projections on the pixel electrodes and the common electrode opposite each other 
along with the vertical alignment of the liquid crystal molecides with respect to 
the upper and the lower panels is promising. 

25 The cutouts provided both at the pixel electrodes and the common 

electrode give wide viewing angle by generating fringe field to adjust the tilt 
directions of the liquid crystal molecules. 

The provision of the projections both on the pixel electrode and the 
common electrode distorts the electric field to adjust the tiOLt directions of the 

30 liquid crystal molecules. 
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The fringe field for adjusting the tilt directions of the liquid crystal 
molecules to form a plmality of domains is also obtained by providing the 
cutouts at the pixel electrodes on the lower panel and the projections on the 
common electrode on the upper panel. 
5 Among these techniques for widening the viewing angle, the provision 

of the cutouts has problems that an additional mask for patterning the common 
electrode is required, an overcoat is required for preventing the effect of the 
pigments of the color filters on the liquid crystal material, and severe disclination 
is generated near the edges of the patterned electrode. The provision of the 
10 projections also has a problem that the manufacturing method is complicated 
since it is required an additional process step for forming the projections or a 
modification of a process step. Moreover, the aperture ratio is reduced due to 
tiie projections and the cutouts. 

SUMMARY OF THE INVENTION 
15 It is a motivation of the present invention to provide a liquid crystal 

display manufactured by simple process and ensuring stable multi-domains. 

This and other motivations may be achieved by a liquid crystal display 
with a direction control electrode. A pixel electrode is capacitively coupled with 
the direction control electrode, and a switching thin film transistor is connected to 
20 the direction control electrode. 

A thin film transistor array panel is provided, which includes: an 
instdating substrate; a gate wire formed on the insidating substrate; a data wire 
formed on the insulating substrate and intersecting the gate wire in an insulating 
manner; a thin film transistor electrically connected to the gate wire and the data 
25 wire; a direction control electrode electrically connected to a terminal of the thin 
film transistor; and a pixel electrode electrically insulated from the direction 
control electrode and having a cutout proceeding along Hie direction control 
electrode, the pixel electrode being electrically floating. 

Preferably, the thin film transistor array panel further includes a storage 
30 electrode wire intersecting the data wire and forming a storage capacitor in 
association with the pixel electrode. 
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Another thin film transistor array panel is provided/ which includes: an 
insulating substrate; a gate wire formed on the insulating substrate and including 
a gate electrode and a gate line; a gate insulating layer formed on the gate wire; a 
semiconductor layer formed on the gate insulating layer; a data wire including a 
data line formed on the semiconductor layer and intersecting the gate line, a 
source electrode connected to the data line, and a drain electrode facing the 
source electrode; a direction control electrode connected to the drain electrode; a 
passivation layer formed on flie data wire and the direction control electrode; and 
a pixel electrode formed on the passivation layer with an cutout and including a 
cutout overlap the direction control electrode at least in parL 

Preferably, the thin film transistor array panel further includes: a gate 
pad connected to one end of the gate line; a data pad connected to one end of the 
data line; a subsidiary gate pad formed on the passivation layer and connected to 
the gate pad through a contact hole; and a subsidiary data pad formed on the 
passivation layer and connected to the data pad through a contact hole. It is 
preferable that the cutout of the pixel electrode includes a plurality of X-shaped 
portions and a plurality of rectilinear portions, and the direction control electrode 
overlaps the X-shaped portions. The semiconductor layer may include a data- 
line semiconductor located under the data line, and a channel semiconductor 
located under the source and the drain electrodes, and the semiconductor layer 
may include a direction control electrode semiconductor located xmder the 
direction control electrode along the direction control electrode. The thin film 
transistor array panel further includes, preferably, a metallic piece formed of the 
same layer as the gate wire and placed imder the direction control electrode along 
the direction control electrode. 

A liquid crystal display according to an embodiment of the present 
invention includes: a first insulating substrate; a gate wire formed on the first 
insulating substrate; a data wire formed on the first insulating substrate and 
intersecting the gate wire in an insulating manner to define a pixel area; a 
direction control electrode formed in the pixel area defined by the intersection of 
the gate wire and the data wire; a thin film transistor connected to tiie gate wire. 
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the data wire, and the direction control electrode; an electrically floating pixel 
electrode formed in the pixel area, electrically insulated from the direction control 
electrode coxmected to the titun film transistor, and having a cutout proceeding 
along die direction control electrode; a second insulating substrate facing Ihe first 
5 insulating substrate; a common electrode formed on the second insulating 
substrate; and a liquid crystal layer interposed between the first substrate and the 
second insulating substrate. 

The liquid crystal layer has negative dielectric anisotropy and liquid 
crystal molecules in the liquid crystal layer are aligned perpendicular to the first 

10 and the second substrates. Alternatively, tiie Uqtiid crystal layer has positive 
dielectric anisotropy and liquid crystal molecides in the liquid crystal layer are 
aligned parallel to the first and tiie second substrates. The liquid crystal display 
may further include a storage electrode wire formed on the first substrate and 
forming a storage capacitor in association with the pixel electrode. The coixunon 

15 electrode and the storage electrode wire are preferably supplied with the same 
voltage, and voltage difference between tiie pixel electrode and ihe common 
electrode Vpc is given by: 

^DP + ^LC + ^ST 

where Cdp indicates capacitance between the direction control electrode 
20 and the pixel electrode, Clc indicates capacitance between the pixel electrode and 
the common electrode, Csr indicates capacitance between the pixel electrode and 
the storage electrode wire, and Vdc is the voltage difference between the direction 
control electrode and the common electrode. 

BRIEF DESCRIFnON OF THE DRAWINGS 
25 Fig. 1 is an equivalent circuit diagram of an LCD according to an 

embodiment of the present invention; 

Fig. 2 shows waveforms of the voltage of a pixel electrode and the 
voltage of a DCE voltage for the capacitance between the pixel electrode and the 
30 DCE in an LCD according to an embodiment of the present invention. 

4 
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Fig. 3 A is a layout view of an LCD according to a first embodiment of 
the present invention; 

Fig. 3B is a sectional view of the LCD shown in Fig. 3 A taken along the 
lineUIB-niB'; 

5 Fig. 4 is a schematic diagram of a TFT array panel for an LCD according 

to the first embodiment of the present invention; 

Fig. 5 is a photograph of an LCD according to the first embodiment of 
the present invention; 

Fig. 6A is a layout view of an LCD according to a second embodiment of 
1 0 the present invention; 

Fig. 6B is a sectional view of the LCD shown in Fig. 6A taken along the 
lines VIB-VIB' and the VIB'-VIB"; 

Fig. 6C is a sectional view of the LCD shown in Fig. 6A taken along the 

vic-vie; 

1 5 Fig. 7 A is a layout view of an LCD according to a tiiird embodiment of 

the present invention; and 

Fig. 7B is a sectional view of the LCD shown in Fig. 7A taken along the 
lineVnB-VnB'. 

DETAILED DESCRIFnON OF PREFERRED EMBODIMENTS 
20 Now, LCDs according to embodiments of this invention will be 

described in detail with reference to the accompanying drawings. 

Fig. 1 is an eqtiivalent circuit diagram of an LCD according to an 
embodiment of the present invention. 

An LCD according to an embodiment of the present invention includes a 
25 TFT array panel, a color filter array panel opposite the TFT array panel, and a 
liquid crystal layer interposed therebetween. The TFT array panel is provided 
with a pltiraUty of gate lines and a plurality of data lines intersecting each other to 
define a plurality of pixel areas, and a plurality of storage electrode lines 
extending parallel to the gate lines. Each pixel area is provided with a TFT 
30 including a gate electrode connected to one of the gate lines, a source electrode 
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connected to one of the data lines, and a drain electrode connected to one of a 
plurality of direction control electrodes (DCEs). 

The DCB and the pixel electrode are capadtively coupled, and the 
capacitor therebetween or its capacitance is represented hy Cdp. The pixel 
5 electrode and a common electrode provided on the color fUter array panel form a 
liquid crystal capacitor, and the liquid crystal capacitor or its capacitance is 
represented by Clc. The pixel electrode and a storage electrode connected to one 
of the storage electrode lines form a storage capacitor, and the storage capacitor 
or its capacitance is represented by Csr. 
1 0 The present invention makes the pixel electrode floating and capadtively 

coupled with the DCE. The relation between the voltages of the DCE and the 
pixel electrode can be expresseid by Equation 1, 

^DP ^^^LC +^ST 

where Cdp indicates the capacitance between the DCE and the pixel electrode, Clc 
15 is the capacitance between the pixel electrode and the common electrode, Csr is 
the capacitance between the pixel electrode and the storage electrode wire, Vpc is 
the voltage difference between the pixel electrode and the common electrode, and 
Vdc is the voltage difference between the DCE and the common electrode. 
The derivation of Equation 1 will be now described in detail. 
20 As shown in Fig. 1, the capacitors Csr and Clc are connected in parallel, 

and the capadtor Cdp is connected to the capadtors Csr and Clc in series. 
Therefore, the voltage across the capadtors Csr and Cue that is, the voltage 
difference Vpc between the pixel electrode and the common electrode can be 
expressed by the voltage difference Vdc between the DCE and the common 
25 electrode according to the voltage distribution law, as indicated in Equation 1. 

As shown in the equation 1, the voltage difference Vpc is always lower 
than the voltage Vdc by a predetermined ratio, whidi is determined by the 
capadtances of the capadtors Cdp# Cst and Cue. 
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Although the described example applies the coirunon voltage to the 
storage electrodes wire, a separate voltage may be applied to the storage electrode 
wire. 

Fig. 2 shows waveforms of the voltage Vpc of a pixel electrode and the 
5 voltage Vdc of a DCE voltage Vdc for the capacitance between the pixel electrode 
and the DCE. 

Fig. 2 shows that, as expected from Equation 1, the voltage Vpc of the 
pixel electrode is lower tiian tihe voltage Vdc of the DCE by a predetermined ratio, 
and the difference between the voltage Vdc of the DCE and the voltage Vpc of the 
1 0 pixel electrode is varied depending upon the capacitance of the capacitor Cdp. 

When the relation between the voltage Vdc of the DCE and ttie voltage 
Vpc of the pixel electrode is established as expressed by Equation 1, the electric 
field in the liquid crystal layer is varied by flie voltage Vdc of the DCE so that the 
alignment of the liquid crystal molecules can be controlled and thus pretilt of the 
15 liquid crystal molecules are also controlled. Although the pixel electrode is 
floating, the capadtive coupling of the pixel electrode and the DCE gives a 
voltage to the pixel electrode so that an electric field is generated in the liquid 
crystal layer, thereby driving the liquid crystal. 

Now, a detailed embodiment of the present invention is described with 
20 reference to Figs. 3A and 3B. 

Fig. 3A is a layout view of an LCD according to a first embodiment of 
the present invention, and Fig. 3B is a sectional view of the LCD shown in Fig. 3 A 
taken along the lines mB-IIIB'. 

An LCD according to an embodiment of the present invention includes a 
25 lower panel, an upper panel facing the lower panel, and a vertically (or 
homeotropically) aligned liquid crystal layer interposed between the lower panel 
and the upper paneL 

The lower panel wiQ now be described more in detail. 
A pliurality of gate lines 121 are formed on an insulating substrate 110 
30 and a plurality of data lines 171 are formed thereon. The gate lines 121 and the 
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data lines 171 are insulated from each other and intersect each other to define a 
plurality of pixel areas. 

Each pixel area is provided with a TFT, a DCE and a pixel electrode. 
The TFT has three terminals, a gate electrode 123, a soxirce electrode 173, and a 
5 drain electrode 175, and is provided for switching signals entering the DCE 176. 
The pixel electrode 190 is electrically floating and capacitively coupled with the 
DCE 176. The gate electrode 123, the source electrode 173, and the drain 
electrode 175 of the TFT are connected to corresponding one of the gate lines 121, 
one of the data lines 171 and the DCE 176, respectively. The DCE 176 is applied 

10 with a direction-controlling voltage for controlling the pre-tilts of the liquid 
crystal molecules to generate a direction-controlling electric field between the 
DCE 176 and the common electrode 270. The DCE 176 is formed in a step for 
forming the data lines 171. 

The layered structure of the lower panel wiU be described in detail. 

15 A plurality of gate lines 121 extending substantially in a transverse 

direction are formed on an insulating substrate 110, and a plurality of gate 
electrodes 123 are branched from the gate lines 121. A plurality of storage 
electrode lines 131 and a plurality of sets of first to f otuth storage electrodes 133a- 
133d are also formed on the insulating substrate 110. The storage electrode lines 

20 131 extend substantially in the transverse direction, and the first and the second 
storage electrodes 133a and 133b extend from the storage electrode line 131 in a 
longitudinal direction. The third and the fourth storage electrodes 133c and 
133d extend in the transverse direction and cormect the first storage electrode 
133a and the second storage electrode 133b. 

25 The gate wire 121 and 123 and the storage electrode wire 131 and 133a- 

133d are preferably made of Al, Cr or their alloys. Mo or Mo aUoy. If necessary, 
the gate wire 121 and 123 and the storage electrode wixe 131 and 133a-133d 
include a first layer preferably made of Cr or Mo aUoys having excellent physical 
and chemical characteristics and a second layer preferably made of Al or Ag 

30 alloys having low resistivity. 
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A gate instilating layer 140 is formed on the gate wire 121 and 123 and 
the storage electrode wire 131 and 133a-133d. 

A semiconductor layer 151, 153 and 155 preferably made of amorphous 
silicon is formed on the gate insulating layer 140 opposite the gate electrodes 123. 
5 The semiconductor layer 151, 153 and 155 includes a plurality of channel 
semiconductors 151 forming channels of TFTs, a plurality of data-line 
semiconductors 153 located under the data lines 171, and a plurality of 
intersection semiconductors 155 located near titie intersections of DCEs 176 and 
the storage electrodes 133c and 133d for ensuring insulation therebetween. 

10 An ohmic contact layer 161 and 165 preferably made of silidde or n+ 

hydrogenated amorphous silicon heavily doped with n type impxuity is formed 
on tiie semiconductor layer 151, 153 and 155. 

A data wire 171, 173 and 175 is formed on the ohmic contact layer 161 
and 165 and the gate insulating layer 140. The data wire 171, 173 and 175 

1 5 includes a plurality of data lines 171 extending in the longitudinal direction and 
intersecting the gate lines 121 to form a plurality of pixels, a plurality of source 
electrodes 173 branched from the data lines 171 and extending onto portions 163 
of the ohmic contact layer, a plurality of data pads (not shown) connected to one 
ends of the data lines 171 and receiving image signals from an external device, 

20 and a plurality of drain electrodes 175 disposed on portions 165 of the ohmic 
contact layer, located opposite the source electrodes 173 with respect to the gate 
electrodes 123, and separated from the sotirce electrodes 173. 

A plurality of DCEs 176 are formed in the pixel areas defined by the 
intersections of the gate lines 121 and the data lines 171. Each DCE 176 includes 

25 a plurality of X-shaped metal pieces connected to one another and is connected to 
the drain electrode 175. The data wire 171, 173 and 175 and the DCEs 176 are 
preferably made of Al, Cr or their aUoys, Mo or Mo alloy. If necessary, the data 
wire 171, 173 and 175 and the DCEs 176 include a first layer preferably made of 
Cr or Mo alloys having excellent physical and chemical characteristics and a 

30 second layer preferably made of Al or Ag alloys having low resistivity. 
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A passivation layer 180 preferably made of silicon nitride or organic 
insulator is formed on the data wire 171, 173 and 175. 

The passivation layer 180 is provided wifli a plurality of contact holes 
(not shown) exposing the data pads, and the passivation layer 180 and the gate 
5 insulating layer 140 are provided with a plurality of contact holes (not shown) 
exposing the gate pads. The contact holefs exposing the pads may have various 
shapes such as polygon or circle. The area of the contact hole is preferably equal 
to or larger than 0.5mmxl5]im and not larger tiian 2mmx60]im. 

A plxu-ality of pixel electrodes 190 are formed on the passivation layer 

10 180. Each pixel electrode 190 is electrically floating and has a plurality of X- 
shaped cutouts 191 and a plurality of linear cutouts 192. The X-shaped cutouts 
191 overlap the X-shaped portions of the DCE 176 while the linear cutouts 192 
overlap the third and the fourth storage electrodes 133c and 133d. The DCE 176 
broadly overlaps peripheries of the cutouts 191 as well as the cutouts 191 

1 5 themselves to form a storage capacitance along with the pixel electrode 190. 

Furthermore, a plurality of subsidiary gate pads (not shown) and a 
plurality of subsidiary data pads (not shown) are formed on the passivation layer 
180. The subsidiary gate pads and the subsidiary data pads are connected to the 
gate pads and the data pads through the contact holes. The pixel electrodes 190, 

20 tiie subsidiary gate pads and the subsidiary data pads are preferably formed of 
indium zinc oxide ("IZO"). Alternatively, the pixel electrodes 190 and the 
subsidiary pads are made of indium tin oxide ("ITO"). 

To summarize, each pixel electrode 190 has the plurality of cutouts 191 
and 192 for partitioning a pixel region into a plurality of domains, and the first 

25 cutouts 191 overlap the DCE 176 while the second cutouts 192 overlap the storage 
electrodes 133c and 133d. The DCE 176 and the first cutouts 191 are aligned 
such that the DCE 176 is exposed through the first cutouts 191 to be seen in front 
view. A TFT is connected to the DCE 176, and the pixel electrode 190 and the 
DCE 176 are aUgned to form a storage capacitance. 

30 Instead of providing flie storage electrodes wire 131 and 133a-133d, the 

pixel electrodes 190 may overlap previous gate lines to form storage capacitors. 
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According to another embodiment of the present invention^ the DCEs 
176 include substantially the same layer as the gate wire 121 and 123. The 
portions of the passivation layer 180 on the DCEs 176 may be removed to form a 
plurality of openings. 
5 The upper substrate 210 will no be described in detail 

A black matrix 220 for preventing light leakage, a pltirality of red, green 
and blue color filters 230, and a common electrode 270 preferably made of a 
transparent conductor such as ITO or IZO are formed on an upper substrate 210 
preferably made of transparent insulating material such glass. 
10 A plurality of liqtiid crystal molecules contained in the liqxiid crystal 

layer 3 is aligned such that their director is perpendicular to the lower and the 
upper substrates 110 and 210 in absence of electric field. The Uquid crystal layer 
3 has negative dielectric anisotropy. 

The lower substrate 110 and tiie upper substrate 210 are aligned such 
15 that the pixel electrodes 190 exactly match and overlap the color filters 230. In 
this way, a pbcel region is divided into a plurality of domains by the cutouts 191 
and 192. The alignment of the liquid crystal layer 3 in each domain is stabilized 
bytheDCE176. 

Fig. 4 is a schematic diagram of the TFT array panel for the LCD shown 
20 inFig.3A. 

As described above, only a TFT for switching the DCE 176 is provided, 
and a predetermined voltage is induced to the pixel electrode 190 by the 
capacitive coupling of the pixel electrode 190 and the DCE 176 so that the voltage 
difference between the pbcel electrode 190 and the DCE 176 maintains constant. 

25 Consequently, stable luminance can be obtained irrespective of inversion type 
such as line inversion or dot inversion. Furthermore, any decrease in the 
aperture ratio or any increase in the load to the data line when separate TFTs for 
driving the pixel electrode 190 and the DCE 176 are provided can be prevented. 

Fig. 5 is a photograph of an LCD according to the first embodiment of 

30 the present invention. 
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As shown in Fig. 5, the LCD exhibits an excellent display quality with 
decreased unstable textures. 

Another embodiment of the present invention will be now described in 

detail. 

5 Fig. 6 A is a layout view of an LCD according to a second embodiment of 

the present invention. Fig. 6B is a sectional view of the LCD shown in Fig. 6A 
taken along the lines VIB-VIB' and VIB'-VIB", and Fig. 6C is a sectional view of 
the LCD shown in Fig. 6A taken along the line VIC-VIC, 

A plurality of gate lines 121 extending substantially in a transverse 

10 direction are formed on an insulating substrate 110, and a plurality of gate 
electrodes 123 are branched from the gate lines 121. A plurality of gate pads 125 
are formed at one ends of the gate lines 121 for connection to an external circuit 
A plurality of storage electrode lines 131, a plurality of sets of first to fourtii 
storage electrodes 133a-133d, and a pluraKty of storage pads 135 are also formed 

15 on the insulating substrate 110. The storage electrode lines 131 extend 
substantially in the transverse direction, and the first and the second storage 
electrodes 133a and 133b extend from the storage electrode line 131 in a 
longitudinal direction. The third and the fourth storage electrodes 133c and 
133d extend in the transverse direction and connect the first storage electrode 

20 133a and the second storage electrode 133b. The storage pads 135 are formed at 
one ends of ihe storage electrode lines 131. 

The gate wire 121, 123 and 125 and the storage electrode wire 131, 133a- 
133d and 135 are preferably made of Al, Cr or their alloys. Mo or Mo alloy. If 
necessary, the gate wire 121, 123 and 125 and the storage electrode wire 131, 133a- 

25 133d and 135 include a first layer preferably made of Cr or Mo alloys having 
excellent physical and chemical characteristics and a second layer preferably 
made of Al or Ag alloys having low resistivity. 

A gate insulating layer 140 is formed on the gate wire 121, 123 and 125 
and the storage electrode wire 131, 133a-133d and 135. 

30 A semiconductor layer 151, 153, 155 and 158 preferably made of 

amorphous silicon is formed on the gate insulating layer 140 opposite the gate 
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electrodes 123. The semiconductor layer 151, 153, 155 and 158 includes a 
plurality of channel semiconductors 151 forming channels of TFTs, a plurality of 
data-line semiconductors 153 located under the data lines 171, a plurality of 
intersection semiconductors 155 located near the intersections of DCBs 176 and 
5 the storage electrodes 133c and 133d for ensuring insulation therebetween, and a 
plurality of DCE semiconductors 158 located under DCBs 176. 

An ohmic contact layer 161, 165 and 168 preferably made of silicide or 
n+ hydrogenated amorphous silicon heavily doped with n type impurity is 
formed on the semiconductor layer 151, 153, 155 and 158. 
10 A data wire 171, 173, 175 and 179 is formed on the ohmic contact layer 

161, 165 and 168 and the gate insulating layer 140. The data wire 171, 173, 175 
and 179 includes a plurality of data lines 171 extending in the longitudinal 
direction and intersecting the gate lines 121 to form a pluraUty of pixels, a 
plurality of source electrodes 173 branched from the data lines 171 and extending 
15 onto portions 163 of the ohmic contact layer, a plurality of data pads 179 
connected to one ends of the data lines 171 and receiving image signals from an 
external device, and a pluraliiy of drain electrodes 175 disposed on portions 165 
of the ohmic contact layer, located opposite the source electrodes 173 with respect 
to the gate electrodes 123, and separated from tiie source electrodes 173. 
20 A plurality of DCEs 176 are formed in the pixel areas defined by the 

intersections of the gate lines 121 and the data lines 171. Each DCE 176 includes 
a plurality of X-shaped metal pieces connected to one another and is connected to 
the drain electrode 175. The data wire 171, 173, 175 and 179 and the DCEs 176 
a±e preferably made of Al, Cr or their alloys. Mo or Mo alloy. If necessary, the 
25 data wire 171, 173, 175 and 179 and the DCEs 176 include a first layer preferably 
made of Cr or Mo alloys having excellent physical and chemical characteristics 
and a second layer preferably made of Al or Ag alloys having low resistivity. 

A passivation layer 180 preferably made of silicon nitride or organic 
insulator is formed on the data wire 171, 173, 175 and 179. , 
30 The passivation layer 180 is provided with a plurality of contact holes 

184 exposing the data pads 179, and the passivation layer 180 and the gate 
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insulating layer 140 are provided with a plurality of contact holes 182 and 183 
exposing the gate pads 125 and the storage pads 135, respectively. The contact 
holes 182, 183 and 184 exposing the pads 125, 135 and 179 may have various 
shapes such as polygon or circle. The area of the contact hole is preferably equal 
5 to or larger than 0.5mmxl5]im and not larger than 2mmx60]im. 

A plurality of pixel electrodes 190 are formed on the passivation layer 
180. Each pixel electrode 190 is electrically floating and has a plurality of X- 
shaped cutouts 191 and a plurality of linear cutouts 192. The X-shaped cutouts 
191 overlap the X-shaped portions of the DCE 176 while the linear cutouts 192 

10 overlap the third and the fourth storage electrodes 133c and 133d. The DCE 176 
broadly overlaps peripheries of the cutouts 191 as well as the cutouts 191 
themselves to form a storage capacitance along with the pixel electrode 190. 

Furthermore, a plurality of subsidiary gate pads 95, a plurality of 
subsidiary storage pads 98, and a plurality of subsidiary data pads 97 are formed 

15 on the passivation layer 180. The subsidiary gate pads 95, the subsidiary storage 
pads 98, and the subsidiary data pads 97 are connected to the gate pads 125, the 
storage pads 135, and the data pads 179 through the contact holes 182, 183 and 
184, respectively. The pixel electrodes 190, the subsidiary gate pads 95, the 
subsidiary storage pads 98, and the subsidiary data pads 97 are preferably formed 

20 of indium zinc oxide ("IZO"). Alternatively, the pixel electrodes 190 and the 
subsidiary pads 95, 97 and 98 are made of indium tki oxide ("ITO"). 

To summarize, each pixel electrode 190 has the plua:ality of cutouts 191 
and 192 for partitioning a pixel region into a plurality of domains, and the first 
cutouts 191 overlap the DCE 176 while the second cutouts 192 overlap the storage 

25 electrodes 133c and 133d. The DCE 176 and liie first cutouts 191 are aligned 
such that the DCE 176 is exposed through the first cutouts 191 to be seen in front 
view. A TFT is connected to the DCE 176, and the pixel electrode 190 and the 
DCE 176 are aligned to form a storage capacitance. 

Instead of providing the storage electrodes wire 131, 133a-133d and 135, 

30 the pixel electrodes 190 may overlap previous gate lines to form storage 
capacitors. 
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According to another embodiment of the present invention, the DCBs 
176 include substantially the same layer as the g^te wire 121, 123 and 125. The 
portions of the passivation layer 180 on the DCEs 176 may be removed to form a 
plurality of openings. 
5 The upper substrate 210 will no be described in detail. 

A black matrix 220 for preventing light leakage, a plurality of red, green 
and blue color fUters 230, and a common electrode 270 preferably made of a 
transparent conductor such as ITO or IZO are formed on an upper substrate 210 
preferably made of transparent insulating material such glass. 

10 A plurality of liquid crystal molecules contained in the liquid crystal 

layer 3 is aligned such that their director is perpendicular to the lower and the 
upper substrates 110 and 210 in absence of electric field. The Uqtdd crystal layer 
3 has negative dielectric anisotropy. 

The lower substrate 110 and the upper substrate 210 are aligned such 

15 that the pixel electrodes 190 exactly match and overlap the color fUters 230. In 
this way, a pixel region is divided into a plurality of domains by ihe cutouts 191 
and 192. The alignment of the liquid crystal layer 3 in each domain is stabilized 
by the DCE 176. In addition, the second embodiment provides a semiconductor 
158 under the DCE 176 such that the distance between the DCE 176 and the 

20 common electrode 270 is reduced to increase the capacitance Cdo and the cell gap 
on the DCE 176, which forms a boundary of a domain, is smaller than tiie cell gap 
on the other areas, thereby physically determining the domain boundary to make 
domains more stable. 

StiU another embodiment of liie present invention will be now described. 

25 Fig. 7A is a layout view of an LCD according to a third embodiment of 

tihe present invention, and Fig. 7B is a sectional view of the LCD shown in Fig. 7A 
taken along the line VIIB-VIIB'. 

An LCD according to the third embodiment of the present invention has 
substantially the same configuration as that according to the first embodiment 

30 except that a plurality of X-shaped metallic pieces 127 are additionally formed 
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under a plurality of DCEs 176, and liquid crystal molecules are aligned parallel to 
substrates 110 and 210 and has a positive dielectric anisotropy. 

The X-shaped metallic pieces 127 is formed of the same layer and the 
same material as a gate wire 121 and 123 and the storage electrode wire 131 and 
5 133a-133d. The X-shaped metallic pieces 127 reduces the distance between the 
DCE 176 and the common electrode 270 to increase the capacitance Cdo and the 
cell gap on the DCE 176, which forms a boimdary of a domain, is smaller than the 
cell gap on the other areas, thereby physically determining the domain boundary 
to make domains more stable. Liquid crystal molecules of a liquid crystal 

10 having positive dielectric anisotropy change their orientations in response to a 
force raising them vertical to the substrates 110 and 210 when an electric field is 
applied between the pixel electrode 190 and the common electrode 270. In order 
to realize a normally black mode using such a liquid crystal, the polarizing axes of 
tiie polarizing plates disposed on outer surfaces of the upper and the lower 

1 5 substrates 110 and 210 are aligned parallel to each other. 

As described above, a multi-<iomain LCD is provided with a DCE and a 
TFT for switching DCE signals. The DCE is capacitively coupled with a pixel 
electrode. In this way, the tilt directions of ihe liquid crystal molecules can be 
easily controlled, thereby obtaining stable domains. 

20 While the present invention has been described in detail with reference 

to the preferred embodiments, those skilled in the art will appreciate that various 
modifications and substitutions can be made Ihereto without departing from the 
spirit and scope of the present invention as set forth in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A. thin film transistor array panel comprising: 
an iiisulating substrate; 

a gate wire formed on the insxilating substrate; 
5 a data wire formed on the insulating substrate and intersecting ttie gate 

wire in an insulating maimer; 

a thin film transistor electrically connected to the gate wire and the data 

wire; 

a direction control electrode electrically coimected to a terminal of the 
1 0 thin film transistor; and 

a pixel electrode electrically insulated from the direction control 
electrode and having a cutout proceeding along the direction control electrode, 
the pixel electrode being electrically floating. 

2. The thin film transistor array panel of claim 1, further comprising 
15 a storage electrode wire intersecting the data wire and forming a storage capacitor 

in association with the pixel electrode. 

3. A thin film transistor array panel comprising: 
an insulating substrate; 

a gate wire formed on the insulating substrate and including a gate 
20 electrode and a gate line; 

a gate insulating layer formed on the gate wire; 

a semiconductor layer formed on the gate insulating layer; 

a data wire including a data line formed on the semiconductor layer and 
intersecting the gate line, a source electrode connected to the data line, and a 
25 drain electrode facing the source electrode; 

a direction control electrode connected to the drain electrode; 

a passivation layer formed on the data wire and the direction control 
electrode; and 

a pixel electrode formed on the passivation layer with a cutout and 
30 including a cutout overlap the direction control electrode at least in part. 
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4. The thin fihn transistor array panel of claim 3, further 
comprising: 

a gate pad connected to one end of the gate line; 

a data pad coimected to one end of the data line; 
5 a subsidiary gate pad formed on the passivation layer and connected to 

the gate pad through a contact hole; and 

a subsidiary data pad formed on the passivation layer and connected to 
the data pad tfirough a contact hole. 

5. The thin film transistor array panel of claim 3, wherein the cutout 
10 of the pixel electrode includes a plurality of X-shaped portions and a plurality of 

rectilinear portions, and the direction control electrode overlaps the X-shaped 
portions. 

6. The thin film transistor array panel of claim 3, wherein the 
semiconductor layer comprises a data-line semiconductor located under the data 

15 line and a channel semiconductor located under the source and the drain 
electrodes. 

7. The thin film transistor array panel of claim 3, wherein the 
semiconductor layer comprises a direction control electrode semiconductor 
located under the direction control electrode along the direction control electrode. 

20 8. Thethinfilmtransistor array panel of claim 3, further comprising 

a metallic piece formed of the same layer as the gate wire and placed under the 
direction control electrode along the direction control electrode. 
9. A liquid crystal display comprising: 
a first insulating substrate; 
25 a gate wire formed on the first insulating substrate; 

a data wire formed on the first insulating substrate and intersecting the 
gate wire in an insulating manner to define a pixel area; 

a direction control electrode formed in the pixel area defined by the 
intersection of tfie gate wire and the data wire; 
30 a thin film transistor connected to the gate wire, the data wire, and the 

direction control electrode; 
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an electricaUy floating pixel electrode foimed in the pixel area, 
electrically insulated from the direction control electrode connected to the tiun 
film transistor, and having a cutout proceeding along the direction control 
electrode; 

5 a second instdating substrate facing the first insulating substrate; 

a common electrode formed on the second insulating substrate; and 

a Uquid crystal layer interposed between the first substrate and the 

second insulating substrate. 

10. The Uquid crystal display of claim 9, wherein the Uquid crystal 
10 layer has negative dielectric anisotropy and Uquid crystal molecules in the Uquid 

crystal layer are aUgned perpendicular to Ihe first and the second substrates. 

11. The Uquid crystal display of claim 9, wherein the Uquid crystal 
layer has positive dielectric anisotropy and Uquid crystal molecules in the Uquid 
crystal layer are aUgned parallel to the first and the second substrates. 

15 12. The Uquid crystal display of claim 9, further comprising a storage 

electrode wire formed on the first substrate and forming a storage capacitor in 
association with the pixel electrode. 

13. The Uquid crystal display of daim 12, wherein the common 
electrode and tiie storage electrode wire are suppUed with the same voltage, and 
voltage difference between the pbcel electrode and the common electrode Vpc is 
given by: 
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where Cup indicates capacitance between the direction control electrode and the 
pbcel electrode. Cue indicates capacitance between the pfacel decfaiode and the 
25 common electrode, Csr indicates capacitance between the pbcel electrode and the 
storage electrode wire, and Vdc is the voltage difference between the direction 
control electrode and the common electrode. 
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